ABSTRACT: With the increased popularity of ATM technology and the high demand for multimedia applications in wireless systems, the interconnection between wireless systems and wired ATM networks becomes important to support multimedia applications. This paper presents an AAL3/4-based architecture for the interconnection between wireless and ATM networks. The main advantage of this architecture is that modification or additional functions are not uecessary to the ATM layer to support mobility, and the ATM part of the connection is totally transparent to the mobiles so that the existing wireless protocols can be used without any change.
I. INTRODUCTION
Recent research on wireless systems suggests the use of high-speed wired networks as backbone to support multimedia applications in mobile networks. Since Asynchronous Transfer Mode (ATM) has been accepted as the standard for future high-speed networks, the interconnection between wireless systems and wired ATM networks becomes an important issue. An important design issue of mobile cellular systems is handoff support since handoff happens frequently in micro/pico cellular systems. When handoff occurs, the involved connection needs to be reset to maintain the promised QoS. If a connection has to be reset for each handoff in the micro/pico cellular system, the network may be overloaded by the signaling traffic for resetting connections.
Some suggestions to alleviate this problem have been discussed in the literature. An effort to avoid the entire connection to be affected by handoffs is to split the end-to-end connection into a relatively static portion and a dynamic portion which connects with the mobile, such as virtual connection tree (VCT) [4] , mobile representative [9] and bridging point [8] . When handoff occurs, the dynamic portion is reset first. and then the static portion is reset if necessary. This approach requires the ATM layer to have the capability of partially resetting an ATM connection, which includes the signaling protocols for splitting a connection and joining two connections into one. Unfortunately, such procedures do not exist in the current standards of the ATM layer.
Another effort to avoid the entire ATM connection from being affected by handoffs is to allow the mobiles which are present in the same source cell and are roaming to the same destination cell to share a common connection. One way to do this at the ATM layer is using pre-established virtual paths (VPs) to link the adjacent base stations, and using virtual connections (VCs) for handoffs occurring between adjacent base stations. With this approach, a VC is dedicated to a particular mobile. When the mobile roams to a new cell, the corresponding VC needs to be reset so that the resetting procedure needs to be quick enough to avoid QoS degradation during handoff. To this end, one can adopt the path extension approach [8], i.e., extending a VC from the current cell to the new one. However, a special function at the ATM layer for extending VCs among base stations needs to be added to the current ATM signaling protocol. Other approaches at higher layers such as IP-over-ATM which cannot provide QoS guarantee are not discussed here.
It is definitely necessary to enhance the current ATM definitions to support mobility in broadband wireless net-
However, we cannot ignore the fact that there already exist many ATM products following the current ATM definitions, and also many wireless systems such as mobile telephone networks which are not compatible with ATM. Therefore, we proposed an ATM Adaptation Layer (AAL) service type 3/4 (AAL3/4) based architecture for interconnection between wireless cellular systems and wired ATM networks. This architecture requires no change to the existing wireless systems and allows the ATM networks to support mobility without modifications to the ATM layer.
The remainder of the paper is organized as follows. In Section 11, we explain the reason for adopting AAL3/4 for the proposed interconnection architecture. In Section I11 detailed descriptions of the proposal is given, and Section IV concludes the paper.
MOTIVATION FOR USING AAL3/4
In wireless systems connected by an ATM backbone, an end-to-end connection can be divided into two segments: the wired ATM and the wireless channel. Since the wired ATM network promises to provide QoS guarantees, the endto-end QoS guarantee mainly depends on the QoS provided by the wireless channel. Air space is a shared-medium where a medium access control (MAC) protocol needs to be implemented to ensure equal access opportunity to the mobiles. Obviously, the MAC protocol plays an important role in the QoS provided by the wireless channel. The access delay introduced by the MAC layer (the interval from a packet arrives at the MAC layer until it is transmitted) will affect the end-to-end delay of the connection. Therefore, the QoS guarantee provided by the air media depends heavily on the MAC protocol. Detailed discussion on MAC is beyond the scope of the paper. In the following, we discuss only handoff support with the existing ATM products. In our view, this problem should be considered at the ATM Adaptation Layer (AAL) or the layers above AAL because the ATM layer of the existing products cannot be modified.
There are four types of AAL services proposed by ITU-T, However, AAL3/4 has some features which are not available in the other AAL services due to its specific structure which is designed to support connectionless applications. As shown in Figure 1 , the AAL3/4 SAR-PDU contains a multiplexing identification (MID) and some other fields. These fields provide the multiplexing capability which permits several applications to share a common ATM connection. As shown in Figure 2 [6], the AAL3/4Service Access Point (SAP) is provided at the AAL interface for the AAL3/4 service access. Each AAL3/4SAP has its own MID value assigned by the AAL layer. The data from different AAL314SAPs may be interleaved to a common ATM connection at the sender side which will be demultiplexed at the receiver side. Using AAL3/4 for interconnecting cellular systems and wired ATM networks has the following advantages: 1) With the AAL3/4 multiplexing capability, a preestablished ATM connection between a pair of adjacent radio cells can be shared by several mobiles. This paper assumes handoffs occurs only at cell boundaries. This is useful in dealing with frequent handoffs since multiplexing avoids the necessity of establishing an individual ATM connection for each handoff.
2) The MID of AAL3/4 can be used as the routing tag at the AAL layer. A type of flexible connection to link any cells can be formed by MID switching at the AAL layer based on the pre-established ATM connections between adjacent cells. Alternatively, flexible connections can be formed by using AAL3/4SAP switching a t the AAL interface. The details of these two types of connections are given in Section 111.
3) The AAL3/4 SAR-PDU can be used to provide payloadlevel multiplexing, i.e., allowing data from different applications to share an ATM cell [l] , without modifications to its format structure.
THE PROPOSED ARCHITECTURE
As shown in Figure 3 , the proposed architecture allows the air medium design independent of the wireline design. A pre-established ATM connection is maintained between every pair of adjacent base stations. These connections may be permanent, semi-permanent or switched. It is possible to use ATM connections to link non-adjacent base stations directly. However, to support frequent handoffs in the micro/pico cellular system without causing a large volume of signaling traffic to the ATM network, AAL3/4 based connections over the ATM layer can be employed, which can extend between any base stations by using the pre-established ATM connections between adjacent base stations. Therefore, the AAL3/4 based connections can be extended with the movement of mobiles for handoffs. On the other hand, the proposed architecture can provide higher granularity multiplexing capability by using the AAL3/4 SAR-PDU, i.e., allowing data from different applications to share an ATM cell [l] . This type of multiplexing not only satisfies delay-stringent applications, but also improves the utilization of the ATM cell payload. In the following, we describe in details the structure of the proposed architecture. Figure 5 shows also an example of one type of AAL3/4 based connection which is formed by switching MID, called MIDconnection. Another type of AAL3/4 based connection is formed by linking the AAL3/4SAPs at the AAL interface which is referred to as SAP-connection for the discussion purpose in this paper.
A.l SAP-connection at the AAL interface
At the AAL interface, a user can only see the AAL3/4SAP since everything below the interface is transparent to it. However, as shown in Figure 2 , an AAL3/4SAP is the access point to a particular cell (different from ATM cell). Therefore, switching AAL3/4SAP at the AAL interface can extend a connection to any cells. To this end, two tables are necessary for such switching. Table I maintains information about the destination or the output AAL3/4SAP for the incoming data from the input AAL3/4SAPs. Table I1 stores the information on the output AAL3/4SAPs corresponding to the destination cells.
As shown in Table I , the output of the data from an input AAL3/4SAP can be found in "Output of incoming data" which may be set to either 'here' or the 'AAL3/4SAP' corresponding to some other cell. 'here' means the destination of the incoming data is the current cell, and the data will be forwarded to higher layers for further processing. With this table, an intermediate cell can forward the data from Figure 5 gives an example of the SAP-connection. one cell to another by linking the input AAL3/4_SAP to the proper output AAL3/4_SAP (e.g., between SAPS 5 and 4 in cell 2 in Figure 5 ) to extend the original connection. The output AAL3/4SAP corresponding to the destination cell (e.g., SAP to cell 3 from cell 2 in Figure 5 ) can be found in Table 11 . This table may also include other information such as the &OS an AAL3/4SAP supports. Similar to the SAP-connection at the AAL interface, there are also two tables for the MID-connections at the AAL layer. Table 111 maintains the information on the output of the incoming SAR-PDUs. If the destination of an incoming SAR-PDU is the current cell, then the "Here/Other" field is set to 'here); otherwise, the ATM-SAP corresponding to the next cell and new MID value for the SAR-PDU are given. Table  IV provides information on the output ATM-SAPS coi-responding to the destination cells. Other information such as the &OS provided by an ATMSAP can also be put in this table. SAP 2 SAP 2 The main advantage of the SAP-connection at the AAL interface is that modifications or addition functions are not necessary at both the ATM layer and the AAL layer. However, an extra delay is caused by the reassembly of the incoming SAR-PDUs into an AAL-Service Data Unit (SDU) if the destination of the AAL-SDU is not the current cell. In this case, the AAL-SDU will return to the AAL layer again for segmentation. This extra delay is avoided by the MID-connection at the expense of modifications to the AAL layer. MID switching for the MID-connection can be done at the dispatcher of the receiver side (see Figure 2) without reassembling of incoming SAR-PDUs into AAL-SDUs.
MID-connection
On the other hand, the delays suffered by a data unit over the AAL layer for the SAP-connection and at the AAL layer for the MID-connection are different as shown in Figure 7 . These layer-delays consist of two portions corresponding to data movements between layers: up and down. We suppose the up and down delays of a particular layer are the same for simplicity. Denote 0 1 as the layer-delay at the ATM layer in one direction, 0 2 at the AAL layer and 0 3 above the AAL layer. D1 5 0 2 5 0 3 since the switching at, the ATM layer
is done by hardware and those at the AAL layer or above may be partially or completely done by the software. Therefore, the ATM connection is the most efficient among the three types of connections. However, to avoid modifications to the ATM layer, the MID-connection is a good choice. If the applications such as data can tolerate the delay caused by the SAP-connection, it should be the most economical choice since no modification is needed to both the ATM and AAL layers. 
B. AAL3/4 for Payload-level multaplexang (PLM)
Some delay-stringent applications such as voice may still be sensitive to the delay caused by waiting to accumulate enough information to pack the payload of an ATM cell. For example, it takes about 20 ms with TDMA and CDMA to pack the payload of an ATM cell [l] . Therefore, [1] suggested to multiplex the information from different mobiles into an ATM cell.
B.l Multiplexing structure
A simple way to do share an ATM cell is to divide the payload of an ATM cell into multiple equal-length segments. The existing format of the AAL3/4 SAR-PDU [6] can be used directly for such multiplexing without modification. As shown in Figure 1 , the ST of SAR-PDU identifies four types of segments for connectionless messages: BOM, COM, EOM and SSM. The first three segment types along with the SN are used for transmission of long messages which have to be fragmented into SN pieces of AAL3/4 payload units (i.e., 44 bytes). However, when the size of a Common Part Convergence Sublayer-Protocol Data Unit (CPCS-PDU) is smaller than or equal to 44 bytes (i.e., ST = SSM, which is always the case with PLM), the SN setting is not necessary for the normal AAL3/4 usage but can be used for PLM. We define the combination 'ST=SSM and SN= 0' indicates 'Single Segment Message' for the normal AAL3/4 usage; and 'ST=SSM and SN > 0' is used for PLM as shown in Table V . Suppose a part or all of the 44-byte payload of an AAL3/4 SAR-PDU is divided into k segments, each of which has the same size L as shown in Figure 8 . Thus, SN is used to denote k and LI denote L for PLM.
The PLM can only be used by the MID-connection since it operates directly on the AAL3/4 SAR-PDUs. The peer communication entities at the AAL layer negotiate in advance the allocation of the segments of the AAL3/4 payload. That is, the source needs to tell the destination which of the k segments of the AAL3/4 payload are allocated to which sessions during connection setup. This may require a map table Since the payload of an ATM cell is divided into segments for multiplexing, some segments may be empty for lack of data to pack them during a defined period. This period is the maximum period allowed for packing the entire payload of an ATM cell (packet-time). With PLM, an ATM cell must be transmitted even if there are still empty segments available in the payload when the packet-time is reached. In the following we analyze the payload utilization with PLM for a connection between a pair of adjacent base stations.
Let m be the number of the base stations adjacent to a given base station BO, and n the number of data units received by BO for transmission to other base stations during a packet-time. Suppose the entire payload of an ATM cell is divided into k ( k > 0) equal-length segments, and the length of the segment is assumed to be equal to the size of the data unit received by BO. Furthermore] assume k 5 n (in a saturation state) since if k > n , at least ( k -n ) segments in each ATM cell will be empty which will result in low utilization (the maximumutilization in this case is :). Suppose that the destinations of the data from BO are uniformly distributed among the m adjacent base stations, that is, the probability of the data from BO going to any one of the m adjacent base stations is $. Then, the probability that i of the n received data units going to the same base station, p ( i , n ) , is given by:
The utilization of the payload of an ATM cell is equal to 1 if all segments of the payload are occupied, that is i 2 k ; otherwise, the utilization is t. Therefore, we can have the formula for the mean payload utilization, p ( k , n ) , is given by :
With Equation (a), we plotted some curves of ~( k , n ) as a function of n by taking m = 6 and k = 1 , 2 and 4 in Figure 9 .
The horizontal axis is the payload generation rate (PGR). Figure 9 , when a payload is divided into larger number of segments for multiplexing] the payload utilization is increased.
IV. CONCLUSION
In this paper, an AAL3/4 based architecture has been proposed for interconnection between cellular systems and ATM networks. It provides two types of AAL3/4 based connections for this purpose: SAP-connection and MID-connection. Their common characteristic is that neither modifications nor additional functions are needed to the ATM layer and the existing wireless systems. Furthermore] the SAP-connection mode requires no change even at the AAL layer. A scheme to implement the ATM cell payload level multiplexing based on AAL3/4 has been proposed, which can satisfy delay-stringent applications and improve the ATM cell payload utilization. 
